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Eight ounce Reed-Prentice injection molding machine with conversion unit 


the jet molding of thermosetting materials. 
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Materials MAGNETS 
ACRYLICS ' 


FIBERTHIN 


MOTOR TIMER 
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SCREEN UNITS 


GRINDERS 


Eriez stainless steel magnets in Bakelite’s SPRING SPEC pe :.. H 
plant are installed in pipelines which carry - wont ayy nly Py = ; as" 
powdered plastic molding material. toy E SHAI I GRINDE RS 
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100 OZ. MACHINE 
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fising Representatives: Ortgies & Dillon, loo 
i4th St., New York 17, N. Y 
30 cents a copy $3.00 a year @ In order to embody 
















ed as second-class matter at the Post Office at Ath special sales and user 
ns, Ohio. advantages, this iron 
was planned tor mold- >, 
alias ST ee Plastics Engine , ing in 2 component 
halves. Custom molder used in- 









genuity, produced body of handle 






as a single molding ot Durez and 
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| N D . xX saved almost 50 m expected 


mold costs. Reversible cord-re 

ARTICLES os 
general-purpose phenolic adapts 

1 , iron quickly for right or left hand 
; hermoplastic Materials operation An under-cutting 
\ Professional Activities Committee Report profile fixture for tlash removal 


Glick i) eliminated costly hand cleaning. 
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Shrinkage of 7 
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Juartermaster Corps Interest in Plasties 


Charles N. Gardner 19 IMPROVED DESIGN ENDS NEED FOR JIGS 

































“Betore and afte! views | 
FEATURES show how a leading producer | 
New ? o 4% put more sales appeal tn this 
sprayer fo farn shop, and | 
ms and Answers ) household use. Use of Dure, 
yn Moldersecope “ plastics in the new model not | 
‘ niv permitted maxin 
rm Weight and De pth of Fill Chart i freedom in design, but als 
eliminated the need for as 
sembly jigs used with torme 
SECTION NEWS model. The self-insulating 
property of Durez and its 
Ohio 8; Chicago 18; Detroit 22; Golden Gate 18; easy cleanability are impor 
M Valley 21; Newark 22; New York 21; St. Louis 24 tant in applications of this 
Texas 24: Toledo 20; | pper Midwest 24 type. 











Notes 1 
FOR YOUR JOB, Durez phenolics offer mechanical, ele 


trical, and chemical properties in more than 300 mbin 


ADVERTISERS ations developed 1 suit widely varying requirements 


Your Durez field technician is always available for 








an Hvydrotherm Co 2) sultation, and can help you and your molder get the best 

; - ; results for your money. To keep informed on industry's 
Pribble and Co, AL ust ft phenolics, write (on your letterhead please) for 
rming Matrix Corp { dur monthly “Durez Plastics News."’ Durez Plastics & 





Chemicals, Inc., 1105 Walck Road. N. Tonawanda, N. Y. 
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Phenolic Plastics 
that fit the job 


” MOLDING COMPOUNDS 
herore the rt rf eact —_ INDUSTRIAL RESINS 
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SPRAY PAINTING 
Costs 


by rapidly wet painting three dimensional parts 
.) one color after another, through the use of our 
accurate, snug-fitting 

a2 

S ELECTRO-FORMED 
METAL MASKS 


(Made by Patented Process) 


and foot treadle AIR-OPERATED FIXTURES 





which position and hold the piece snugly in the 


mask. maintain the desired pressure, and permit 


\ J 
PRODUCTS, IN¢ 








What's Fin P 


Companies 
DUBOIS PLASTICS 
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the operator to use both hands. 








Ilustrated is a 16-inch plastic television window 


with three-color painted border 


Plug-type masks for keeping depressed areas clear 
while spraying background; lip-type masks for pro 
tecting the background while painting depressed 


areas: and block cutout plane surface type masks 


Clean, sharply defined letters and decorative 
effects are obtained on intricate die castings 
stampings and plastic forms by accurate control of 
painted areas with no fogged edges. Afterwiping 
or butting of of overspray is unnecessary. The 


loose’ inside of letters and numerals, such as ‘“O' 





and 6", is held in position by arched bridging to 


eliminate objectionable ‘ties 





WE ALSO DESIGN, ENGINEER AND BUILD 


COMPLETE AUTOMATIC 7 
SPRAY EQUIPMENT | “\ 7 


(With or Without Masks) \s . 


MASK WASHING EQUIPMENT 
and AIR-OPERATED CLAMPS, 
FIXTURES AND TOOLS for 


positioning parts in masks while painting or holding parts in place for other operations, such 


Cc) 
wee 
“ond 
Anal 

——& 
t™ 








as welding 

Automatic, entirely air-operated machines for spray decorating a variety of small plastic 
and metal parts—one color right after another—at speeds of up to 3600 per hour. 
Eliminates the hazards of electric motors, mercury or solenoid switches and the cost of ex 
plosion-proof electrical equipment 

Masks are inserted so as to be flush with top of the working table. Spraying is from below 
Frequency of mask cleaning greatly reduced 

Dial regulates cycling speed. With a conveyor belt, operator can use both hands to load. 
Another dial regulates the amount of paint sprayed. At any given setting, the same amount 
of paint is sprayed on every part, regardless of the speed of the loading cycle. Effects 
paint savings of up to 50 percent over hand spraying 

Employs 8 latest automatic guns and two 2-gallon air-agitated paint pressure tanks with 


four insert containers SEND COUPON NOW! 


379 TOLEDO FACTORIES BLDG TOLEDO 2, OHIO | 
Please send, without obligation, details on ( } Hand masks; ( } Mechanical mask 
ing fixtures; (  } Air-operated masking fixtures; (  } Stationary automatic spray | 
painting masking machines; ( } Rotary table automatic spray painting masking 

machines: { }) Quotation on masks for parts [or prints) which | am forwarding. 
Name | 
Firm | 
Street 
City & State | 
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Harold Schor has just 
from Product Engineering 
as an independent industrial p 
in New York. He is building 
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Islyn Thomas, National Presid 
the Society of the Plastics Eng 
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IMS INJECTION MOLD 


Sneak 7 
~ ARCHS 


istings 


asked 


iss 


TEMPERATURE REGULATO 
a 


POSITIVE ae 
LOW COST 


FULLY 
AUTOMATIC 


For Any Mold 


For Any Machine 


ere a Circulator 





NOT Required 


Positions Open 


ENGINEER 


J ae MOLDING 
Positive to 1°F - Simple to Install te 


Foolproof - Saves Water - Reduces Scrap 
Price Complete, per set of two... $255.50 
end for Users Li 


Injection Molders Supply Co. 
PENTON BLDG. 


CLEVELAND 13, OHIO 
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MOLDERSCOPE 


BY A. R. MORSE 
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lding of thermosetting mate 
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hte the flurry the Rockford Hy 

ector made” It would handle TS it 

bulk, preform, preheat, transfer mold 
ne continuou operatio The h 

f rs niectior hould be re 

ewed, however, i rs injection 


aid in keeping more injection 


yeni 
mchine at work 
When Bi Hoey vot hi dea about 
| niectior and had ( 1) Shaw 
elt ! vork it ut, he real 
id ething. But legal and patent 
itters became so involved that mold 
‘ became afraid to do business. The 
ection machinery people kicked the 
proce itround for a while and drop 
Spreaderless Heater 
e idea was to take a spreadert« 
iter and attach a nozzle to it whiel 
ntermittently heated. The heat 
produced by a short on a copper band 
iround the nozzle, caused the plastt 
) merize partially and to fl 
rouvh the nozzle into the heated dic 
here polymerization was completed 
\ water jacket on the nozzle wa 
ipposed to keep the material there 
from etting up, making the next 
hot possible, It soon became apparent 
that the hot nozzle was not needed at 
ind «i ension mm the jet ranks 
ed to ( I). Shaw announcing a pro 
ot of his own called Flow Molding 
lrouble with seoring, plugups or poly 
ation it the heater, continued 
plague the Jet peopl 
haw merely discarded the heated 
e and by brute force pushed the 
! iterial into the hot mold where 
et up. He had a modicum of suc 
‘ ! preventing premature poly 
' ition by accurate control of hi 
enter it} everal instruments 
Vennt e, however ome of the or 
" et censes had found that 
hen the nozzle unit becume we 
dentally noperative, ind cold wate 
ne was left running on the nozzle 
excellent result bette 
al | thar wher ining the hhevt 
, ‘ (ft ( imse they a 


Nu ; rly f 
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‘icy vie ; fle ‘ ‘ 
produre i en ( ‘ 
f/ @Proe'e ‘ ff ef f aw? 
rovaltv owed on parts produced since 
the “jet” feature was discarded (lat 
no. 2,296,296) but no trial cases were 
iN ude 
Jet Heaters 
Phe jet heaters had actually bee! 
made by Geo. and Andy Kovacs of 
the General Machine & Tool Co. These 
men are probably two of the leading 


experts in TS injection today, and be 


ing shrewd observers it did not take 
them long to size up the various 
veaknesses in the jet setup both the 


mechanical, technical, and business a 


vell. Chrysler had taken out a jet 
icense atony vith a dozen or two 
others, but one by one they dropped 
out and the jet picture fell apart 
Shaw’s now separate business also 
dropped by the wayside, and the i 
crease in high frequency heating and 
transfer molding about closed the 
hook on jet molding 
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Winter 
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precisiotr ire claimed for the proce 
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PRIZE PAPER CONTEST 
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Publications 





HEAT EXCHANGI 


DIE SPACE 48" x 72” 
CLAMP 1500 TONS 


With materials and labor cost spiraling . . . 


THREAD INSERTS 





delivery dates increasingly stepped-up . . . an 
DESIGN imminent shortage of skilled operating labor— 
, Indu _ Desisners it is more than ever important for PLASTIC MOLD- 


TI ERS to know all their suppliers and every- 


INDUSTRIAL DESIGN 
; thing each has to offer. 






As THE pioneer and fifty-two-year consistent leader 
in the design and construction of Plastics Molding 


Cc N Machinery, W-S is in an especially good position 
ee vee to offer molders of every size and type a com- 
FIBERGLAS 


= plete service. Not only the finest and most 






extensive line of molding machinery anywhere 





+ Mi nesceedi. ergs ne grt: igloo available but extra dividends in the form 





of engineering counsel on materials, die-design, 





and plant layout 





- In times like these, such extra service, extra 
paar ancy attention to every vital phase of your operation 
is increasingly valuable. Because of its machine 
capacity range of 1-300 ounces, and the broad- 
est range of injection, compression and transfer 
molding machines, W-S is your logical consultant 
tala tac on any projected expansion. And once you have 
Ale “ogee ge enjoyed the advantages of COMPLETELINE service 


—extending far beyond equipment needs alone— 










POLYMER CORP : > . 
M Phe P you will always consult W-S first on new molding 


equipment and how to use it. 


3 ea ie exTRAS 
a dass Injection Molding Machine 






in times like these... 


IT’S THE EXTRAS THAT COUNT! 
















Compression Mold- 
ing Presses — 50 to 
1200 Tons. 


2 Ounce Semi-Avte- 
matic Injection Mold- 
ing Machines. 





Transfer Molding 
Machines—30 to 
1200 Tons. 


Vertical Injection 
Molding Machines — 
1, 2, 4, and 6 ounces 


Preform Tableting 
Machines—10 and 
100 Tons 


HYDRAULIC MACHINERY DIVISION 


WATSON-sTittMmanw Gai 


Established 1848 
Main Office, 


153 Aildene Rd., Roselle, New Jersey 


Manufactured in Canada by—Canadian Vickers, Ltd., Montreal 
Foreign Sales Representatives: OMNI PRODUCTS CORP 


460 Fourth Avenue, New York 16, N. Y. 
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eu ! i potentia prospect types of publication bY means of i l Release not heid f 
Mi Schor pointed out that the chart. This chart broke down indu cation 

ilesmalr might best concentrate | trial publication ! two classifica 2. Supertficia the fhe 
Nuahle time os teps 4 and 5, leat tions: “Vertical” publications those nething of pra , portance 

the three “approach” steps to be serving a particular industry, such a reader 

kecomp hed by public ty ind adver iviation, yp troleum, ete - and “hor Old tulT « Lise , ne 
ng, at low cost per contact. He wa contal” those serving a specific 1 Too ma yeneraliti« 
ireful to emphasize the fact that function uch as design engineering, enough facts 

publicity and advertising each has it plant management, et and cutting . Too much rhetoric 

vn place in the manufacturer's ove ross all of the vertical fields. He 6. Sales talk—too much boast 

il] promotion plans. In his capacity pointed out that not all publication bout company and product. 

: in ndustrial editor, however, he are exclu ively vertical or horizonta Trivial facts presented as a 
nited hi talk to the role of n and indicated on his chart those pub revolution 

dustrial publicity heation vhich fa into both cate Ss. Ten words to do the work 
Industrial publicity when proper ee 9. Too frequent mention 

practiced can have both an educa Mr. Schor then outlined the prit pany and product name 

tional value for the reader, and a sale ciple techniques used in transmitting 10. Releases written to pleas 
slur direct or indirect for the publicity material to the industrial ity of company executives. 
inufacturet Mr. Schor listed the press. These include 11. Hints in conveving letter 

following as some of the reader bene New product release usually ac editor should consider present 

fits which can result from use of pro companied by a glossy photograp! ture advertising 

per techniques in publicity showing the component or an applica 12. Failure to understand the 

Teaching better production and tion of the material described. Such a difference in editorial objectiv 

naintenance techniques release goes to all of the industrial twee! industria ind othe: t 
”’ Kamiliarizine readers with bot! magazines which might in anv wat tions 

idvantawe and limitations of new be interested in the product, and l Failure t inderstand the 

product which have new product department torial aims of specific leading 

Sugyvesting new uses for tur Syndicated news release—such a re trial publication 
dard materials and com pone nts lense mav describe con pany news, o1 (Cont a page 24) 
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Mold Shrinkage 


of Thermoplastic Materials 


Professional Activities—Report of Subcommittee on Molding Techniques 


RODLCTION 
the year 1950, the Subcommit 
r Molding Techniques— Thermo 
selected the topic “Mold 
ige of Phermoplastic Ma 
During 1949 a specia 
developed a report or 
Gating.” Previously, there 
program activity 
of thermoplasti 
jUes According 
a topic such as the proposed 
uld “OVE of real interest to 
istry 
printed literature on the sub 
mold shrinkage is only 
nature. Most of the m: 
icturers publish data 
st inge of mold. shrinkage 
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arious thermoplastics. — Fre 
a rang of 02 OOS inches 
is presented. Naturally, sucl 
range often does not perm 
aj designe} accurate 
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Handbook, issued 


ned in this chapter 
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re is a comprehensi\ 
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tandard procedure I 
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Sanford E. Glick 
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inces are influenced by (1) Mold 
Shrinkage, (2) Thermal Expansion 
ind (3) Dimensional Stability Such 
tems as size of gate, plastic temper 
iture, mold temperature, and length 
of plunger dwell are involved in the 
mold shrinkage of a part. The number 
if gates is a of importance. Mold 
shrinkage is normally the difference 
between the size of a piece after it 
is reached equilibmum at = some 
specified temperature and the ze of 
the CAVITY n Which it Was molded 
One molder of refrigerator breaker 
strips found that with one gate larger 
shrinkages resulted, whereas with 
ree yates o1 he same plece the 
shrinkage reduced to less than 
Sanford E. Glick O00] t Also, the temperature 
part IS measured 18 eX 

tremel mportant because of the high 
icient of thermal ¢ xpansion which 

‘ f most of the 
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i ni ner ) the plas ecurs oF vhnhen yates, runners, nd Strains, Is most portant ns 
vered to such a temperature sprues are still molten and have not shrinkage is concerned. Configu 
hat it is no longer mobile, or (2) the sealed. Discharge relieves a_ portion al volume strain may best be 
re ealed in the plastic has of the pressure within the die and ered as delaved shrinkage. TI 
ered to zere Ince material ts ost fron the di of stra occurs it ind rT 
4 theoretical treatment of shrink cavity tnis leads to the productior ol softening temperature. As a p 
ie disclose that the temperature, moldings whic do not conforn a cooled to the softening p 
pre ure olume relationship of st the shape of the die cavity. Commor molecular cNhains become less 
rene plastic i represented by the deficiencies of this type are exemp!l mobile, and although on furthe 
equation of state as follows: fied by sink marks and internal bub ing the plastic tends to foll 
(P4+27.000) (V- 1.422) 11.18 T+5134 bles in the moldings equation of state, this is accon 
at a slower and slowe} rate, 





Other factors which can very easily 







vhere P is the external pressure on f 
fore, It IS not surprising to find 





iffect the dimensions of the finished 


































































the plastic in psi, V is the specific eas . ener 
, molding are (1) the changes whicl noided sample WHI slowly 
olume in cubie inches per ounce and : . ; . f ‘ 
result in the die block itself as the over a long period of time be 
| the temperature in degrees F. | r 4] : timately re } tabl 
. result of the tensil strain imposed PUTTY : reaches a stable VO 
Actually, when plastic is forced in — ; rls , ¥ : — , 
r , ‘ r © Tt : one 
to a die cavity, the hotter the plastic dg a sae ; " ee Fill Time 
tie F t iwdraull orces trans ) , 
the less dense it is and shrinkage is heres DY , 4 — ’ ! - “ins Researcl vork has indicated 
, ! “1 througn the moiter Mastic it . 
nurye On the other hand, the higher ye ~ ac - i, I re > pernaps the most in portant fact 
sol i yA S “ ny le ? 
the pre ure, the more dense is the . and ‘ ? an ig ‘ Ing, the , the injection n oldir ge cycle are ft 
, sult of e eding 1e amping pres 
plasti ind the degree of shrinkage : of exceet Ne the nping P me and packing t é Of cou ( 
<ure. Another factor (3) which easil) } ; ; , 
reduced - ' +] d ; should be realized mmediately 
atlects the ‘ns Ss of the ishe . 
Fo iusteate this pelet, tet us itfect e dimensions of le fir ed every molding variable affects t 
<i " , é piece Is the increasing temperature of timee thavefese ¢) moles 
termine tl % ic Vo » of stvren : time, ro nis con S10 
ri ‘ e specif ume f styrene the die which also tends to enlarg aye ' pie 
plastic in the two sets of conditions on o- parent ndoubtedly, fill and pact 
, 7 the size of the die cavity. To illustrate tin figure heavil n th ‘ 
first that of the solidifie las P : imes » he: in the s 
r at he hid ied p istic at point No. 2, namely die spreading, sintealecann 
‘y ind secondly that of the molter ‘ » Iinkaypye 
he following may show how reja For a con plete nsawer % +} 
Stic t ov) Fk an l : , a OT « it * alls rw ne 
plasti i ) I ind unde r an eX tively easy it is theoretically to e) © aden te yeh the 
terna niection pressure ot 20,000 } ClO} v plasth Old shrinkage 
’ ceed the clamping pressure. As ar r , - , , 
1. From the equation of state we effective Variable or the = inje 
assumption, the job in question has ar ve , i} , 
find that ages : molding cycle shoul ” consid 
area of 200 square inches and is being . P Ly 
us ndependetr as possible . 
\t ere pressure and 75 F., the molded in a machine with a clamp oft g 3 
4 , : , a z Variables are adie temperature { 
prere ( cmburyne s 1.643 cubic inches 650 tons. Fron these figures it i< 
} ‘ . f . sizes, die design, stock temperat 
pe ince, While at a pressure of readily seen that a hydraulic pressure, ; _¢ 
ALA ILE | te! ratt f ¥ 1 effective pressure, siZe ot Teed «¢ 
’ v and a emperature ol as exerted by the molten plastic in the on ot. i a 
in | the specific volume s 1.650 . J a a ion, ram Ttorward ne, die ciosed 
die cavity of merely 6,500 psi, wi ' , , 
, . booster, ram speed, plastic for 
cubole ches per ounce H 
: tion, and others must be consid 
Now f we assume arious size cubic moldings, molded under conditions of ‘ " e 
| i j } . —_ Ee f t} } ‘ \ so, at least two types of shmni 
iM) ’ 20 000 i ar then oole to ie _ \ in mat ti t oOrel i } 
i ‘ @ }) i { t ‘ ‘ ed ‘ » t ‘ i t t re ‘ - ust he considered shrinkage 
hrinkave < , . ? » the follo y ; 
. nkag an be calculated as per the following table solid piece, and secondly the sht 
eof D ape of preces wl ich shrink 
“s Ay Linea Bien of Eine —“— ‘ some sort of a core 
Mold Moldin Dimensior Molding Dimension Molding Also of general interest are 
‘ pe apne —— a _ ; + aa following considerations 
00° | 1. The use of insufficiently 
7 cu. In in. cu. in in. In. cates or runners will increase 
8.250 2.021 8.215 2.018 0.003 shrinkage. 
10 16.500 2.546 16.430 2 542 0.004 2. The effects of changes in the 
100 165.000 5.485 164.300 5.477 0.008 eral factors influence Ing shrinkage C. 
additive, and 
However, in today’s conventional spread the die. Even assuming a lib- 3. Some shrinkage may col 
molding the case represented above eral safety factor in the stated clamp with age. 
never occurs. Numerous complicating ing pressure, or a loss in injection The statements of quantitat 
factors are present To begin, the pressure due to friction, it must be fects of the several variables 
moment plasti Is forced Into the dic realized that 20,000 to 30,000 psi are will be dis« ussed subsequently) 
cavity it contacts the wall surfaces the usual rated pressures of injection to be accepted as approximations 
thereby cooling and densifying. Dut molding machines of the conventional applicable chiefly to major dimer 
ng the packing period of the mold designs. of the molded article. In many 
ing cycle, assuming a flow passage is ‘ if a molded bar will show shrinka 
O ‘ourse, the ;j ve ste factors . 
oper additional molten plastic is ” pea pie ' | = . a length but expansion in wid 
forced in to fill the void resulting 9 a acting cate taneously ; pe thickness in accordance with Po 
, ‘i en P 
from shrinkage. This phenomenon rss a “en th gee B cagaee h rv ratio. A disc may show shrinkag 
causes the finished molding to assume coriprethcoudling ct ye loan a diameter, but expansion in thick 
, r rocess W 1 is indi ve to th 
nore Tt early the din ension of the dis Ing proce - a ; nau r et | i ; and the re Is Some indication 
cavity. In other words, it reduces the oe ma = ag eae ae Nv ne ew shrinkage in diameter increases 
\ °C » plas 1s t always fol . 
Wen en piece, the plastic doe not a ivs f the thickness of the disc. 
ow the equation of state, at least not 
Die Spreading nstantaneously. Of the three types Large Area 
Also vith conventional molding of residual strain in injection molded Moldings of large area having 
practices, after the injection time pieces, namely (1) quenching stresses, sections parallel to the partins 
ceases and the plunger returns, dis (2) configurational volume strains, generally show expansion in th 
charge occurs throughout the § die and (3) frozen orientation, perhaps of this section because of lack of 
cavity. Discharge from the die cavity the second, configurational volume cient clamping pressure or | 
: } 
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zed, howeve 


uuld be reali 


i 
= 
ommercia molding obs, 
ré Is only one factor to be 


red. Frequently conditions pro 
shrinkage int? 


proble mis 


oduce 


nimun 
iding such as i 
veight of 
sticking, ete 


balance 0 


molded items, flas} 

Consequently, 

promise and f molding 
ns is required 

E HISTORIES 
ollowing examples illustrate 

which molders en 


shrinkage 


problems 
ered mold 
portant consideration 
No. 1 


wall 


where was 


tile molder was in the pro 


producing large tile. Initially, a 


shrinkage figure of 0.0025 inet 
nch was used. At the start, a 
ith the dimensions 0.030 x 1.25 


as employed. However, the re 


y tile had a keystone shape in 
the width near the gate was 
nehes greater than the width 
te the gate. This condition was 


inllvy corrected by one of two 


In one spec ific case, new n olds 
built 
tapered 


in which the cavities were 
with a 
Another approach 


was to reduce the size 


0.010) inch 


on each side. 
problem 
e gate to the dimensions of 
150 inch. Both of these de 
effective in producing tile with 
The latter per 
sealing off at the and 
ted subsequent packing and ex 
n of the the 
Another means of 
lifferential 
mold 


neat? 


Vices 
erances. means 


rate 


dimension near 
eliminating 
shrinkage is to con 
temperature so that the 
the gate is colder than 
irthest away. 


No. 2 


ther tile molde r found as mucel 
vefold difference in shrinkage 
ding on the length of time dur 
hich the injection plunger was 
forward. With short plunger for 
time (10 seconds) a shrinkage 
01-0.003 inches over a 4% ine) 
esulted. Such a figure was tol 
but warpage of the tile re 
1. By increasing the plunger for 
me to 17 seconds, the warpage 
minated, but the shrinkage in 
ed to 0.009-0.010 inch on the side 
from the gate. The dimension of 
vate side Vas the exact <1Ze of 
t\ 
No. 3 
olding a spoo 709 inches 
ne molder id to submit san 
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on the molded 


tems that vere passable This d 
) ; ; 

as 24 " es i vas ound neces 
sal t il the gate sizes depending 
? Ne distance fror the sprue C)rve 
Cavity is tw yates and this particu 
ir <¢ t produces tems vitnir i 
orerance pius i ninus pam 


1 } 
( es 


No, 4 


Qne of the nost 


Case 
dimensional \ He 


curate obs produced DY Injection 


moldir s the reed employed in the 


harmonica. Unbelievable tolerances of 


nus UL.OO0] n 


is close as 


ches are achieved lo maintain sucl 


t control of temper 
maintained. Mold 
kept 
and the injection 


ilso kept 


olerar Ces, prec Ise 


iture must be ten 
consistently between 
121 F 


temperature Is 


perature 
120 cyl 


vithir 


and 
Inder 
i narrow 
MOLD SHRINKAGE 

The ro 
=} rinkaye 


range 


VALUES 


mold 


emp oyed 


owing 1s ‘ Is 


figures actually 


by some of the largest injection mold 
ers In the count 

Cellulose Acetate W.005 in. per it 
Methy! Methacrylate 0.005 in. per it 
Nylon 0.015 in. per in 
Polyethylene 0.035 in. per it 


For stvrene plastics, some disagree 


ment seems to exist. One large moldet 
ises a figure of .004 inch per inel 
vhereas another one who molds large 
refrigerator parts uses a figure ot 
083 inch per inch. A large wa tile 
njyectlor molder uses a figure of 


O.0025 neh inch plastt 


mold 


per styrene 


shrinkage Another styrene mo 


der «qualifies his figures by saying 
that i Value ol (2 nel per Ine! 
should be used when the styrene is 
molded around a core, Whereas a 
figure of 0.007 inch per inch should 
the ised when the core is pulled (ne 
styrene material supplier suggests 


the following rule 


For dit 
of plus on 


used: for 14 to 6". a 


ensions up to . «ee ii ue 


minus .003”° should be 


value of plus 
Os - for s 


Zes AbDoVE 


O00] per each inch 


One of the country’s largest mold 


makers uses the foll 
shrinkage of 
A figure of 0.006 inch 


owing rule for 


Sstvrene cap closures 


per inch Is used 


parts. On cap closures, 


than Class 2 fit is guar 


inteed. For estimation purposes, a f1 
gure of tf the thread ised 


depth 
for shrinkage on a cap. For example, 


e cap for a one inch 


0.060 1D would be 
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MATERIALS 


In the following section, the na 
dual plast c matemais Wl be discuss 
ed in reliationsnip to ha hrinkage 
CELLULOSICS 

The ee ulosics undergo a sli rinkage 
vhich is twofold in nature. Primarily 


there is the mold shrinkage and super 


this is the shrinkage sub 


In posed ol 


sequent to molding 


Shrinkage of cellulosics subsequent 


to molding is about 0.008 inch pe 

inch at normal ten perature, depend 
Ing somewhat on the torn ula and flow 
of the material and the shape and 
thickness of the molded part. About 
2, of this shrinkage takes place in the 
first 48 hours after the pieces have 


heen removed from the mold 


Shrinkage at any time subsequent 


to molding is created by subjection to 
itmospheric ten 

1:0 F. for 
a and flow of 
shrinkage de 
thickness 


below. Loss of weight = in 


higher than normal 
For 


“a typ al 


peratures, instance, at 


formul 


yl day # 


the cellulosics showed 
as Indicated 


shrinkage 


pending on the 
ipproached equilibrium at the end of 
90 days 

Thickness 


Loss of Wt Shrinkage 


in inches ! in in, in 
.] 1. OOS 
Lee 1.2 i) tibiy 
) 14 (hdd 
4 ‘} woos 
(bo (oo O00 
ihe hrinkage rt) us due tf 
veight lo and the veight loss i 
crease Viti thint ! piece due to 
reater surface weight ratio 


Mold Shrinkage 


Turning now to a discussion of mold 
shrinkage, it has been found that it 
order to avoid shrink marks whicl 
ire caused Dy cooling inder insuffi 
cient pressure, the gate and runner 


should be somewhat proportionate to 
thickness of the 
rilded 


the cavity is constantly 


section in the 


that 


the 
article Due to the fact 


ooled, il 


molded piece chills very fast 


ection I 
If the gate and runners are small and 
the section of the molded piece rela 


tively large, the gates and runners 


“freeze” first and thus cease to wive 


continued pressure on the casting dur 


ing the two or three seconds in whiel 


it setting; this cause shrinkage 


Increasing the size of the runners 


and gate or raising the mold temper 
iture ind holding the high pressure 
n for i longer time, are the usual 
means of overcoming this. difficult, 
nis is i consequence of idditiona 


iterial being fe 


mreed int the capacity 





















njection mold nrinkage influ 
enced ry the thickne ot the piece 
e of pate, pressure en ployed, ten 
perature of materia n the injectior 


inder, ind temperature at whic 
the piece 1 ejected. Shrinkage ma 
also result from too short a dwell of 
e injection plunger at the end of its 
forward stroke. When the cross-se« 
tional area of the molded piece ap 
proximates the area of the runner, 
normal mold shrinkage is about 0.002 
to 0.003 inch per linear inch As the 
thicknes of the molded piece Is Wl 
creased with respect to the cross sec 
tion of the gate and runners, mold 
shrinkage increases 
Core Molding 

Io eliminate the necessity of ver 
wide sprues, runners, and yates for 
preventing shrinkage n the piece 
which must of necessity be molded 
olid, it has sometimes been found ex 
pedient first to Injectior mold a core 
na separate mold; this core is used 


in turn as an insert over which coat 


ng is injected as a second operation 
in a second mold Shrink marks it 
uch aon olded insert are of no great 
mportance because they are = subse 
quently covered The coating, being 
i relatively thin section, requires onl) 
i small gate which ts easily trimmed 
Another advantage of this method 
that crap can be used n the core, 
inless it so dark that it would show 


throug} the coating 


Along the ame ine ot thought, 
ections of approximately ec ual thick 


ne ire desirable i iny injection 
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(nid 
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article with a gate at 


«i 
not subjected 


lomically gated at 


company manufacturing 


somewhat greater in d 
perpendicular to the flow o 


was ound that w 


. far “as possible 
to be molded re 
ind tnir sections, 


¢ 


coring the thick 
ty considered set 
sectior eading to 

injection mold has 


“as too restricted rur 


To prevent shrink 


\ 


which has both a thick 


should be gated a 


uSIng large gates 


; 


greater bending strenetl 
al entrance at the 


material flowing in 


fron that point )) 


cup-shaped articl 


any particular bend 


the 


botton 


the following 


n olded { I. X hoxd ine? 


x5 inch flex strip, 
the shrinkaye s 


crTross-Sections tt 


shrinkage increased 


injection tempera 


thir pieces (discs and 
shrinkage decreased 
temperatures, This var 


ation of shrinkage is probably caused 


the effect of twe 


compensating shrinkage factors. Hig! 
temperatures with the cor 
Viscosity and conse 
mold pressure cause 


compression, the ret 
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Vhile n the thick 
? ’ The 


It Vas tound 


c1zel formulatior 


shrinkages ly regard 


some formulations 


tive to changes i 


while in other formul: 


age Was reiativel 


ne the conditions 


plasticize formula 
pared, it Was sol 
the one whnicn 


shrinkage at very 
peratures would 


upe at nuct } 


Sucl seen ingrly 
mena may be sign 
meret\ al result 


ariables 


lr vyenera 


the preceding parar 


a tferent plas ( é 
also appli to ad 


mt 


The thir piece 
much less than tl 
flex trip enet 
from about © to 0 
the disc diamete 
O=L.O0S inch per incl 


ength from 0.005 
net The extre 


shrinkage sted 
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EFFECT OF MOLDING VARIABLES ON MOLD FIG. 2. EFFECT OF CYCLE ON SHRINKAGE OF 
SHRINKAGE OF NYLON FM-10001: 4° x '/44" DISC 
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t i isUal noiding conditions curves represent data Tro tw adil (2) wi rinkawe ippeared le ther are 
uid not be expected In a con ferent tests plete within 24 hour 
molding. The normally ex POLYETHYLENE (6) Diametra shrinkage =o ul 
s! rinkage ranges tron about Work Trent ! the held and abora edge-gated dis¢ Lhe Sia thie ! Uhh 
W.007 inch per inch. tory on a prediction of shrinkage ind direction of flo a n the direct 
ibove informatior whic Vas cates that a sample mold should te perpendicula t 
ed bY One company should not made prior to actual production work, (7) Successive hots molded undet 










absolutely conclusive, f at a possible One compat col milar condition \ conforn ¢ 

er t does represent what actu ducted i laboratory nvestivatior ti vitl one nanothe If conditior inet 

4 irred With sone specitl mold deter rhe the etfect of olding cor constant toler et | ed " 
etny ce ilose as determined ditions por tne -hrinkapge of poly nen should be maintained ea 
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tne 





asurements 


































conditions of molding whicl | polyethylene is about 0.010" per inet temperature , e the variat 
inimum shrinkage are a cold (see Figure The molding condi and shrinkawe 
ong cycle, high Injection ten tions tor. nimum shrinkage are low In Figure (5) there Ss presented a 
re, higl pressure and higt die temperature, high injection. ten graph showing the combination of tas 
Under these conditions, the perature d high injection pressure tors effecting molding of polyethylene 
Rape of nylor s about 0.007 \ hot die, low injectior temperature It can be seen that minimum shrink 
cr and ow niectiol pressure euused al nue is found tt tne le Wel right col 
under normal molding condi ncredse n shrinkage to O.08( Der ner of Figure (5), but the resulting 
nvolving a hot mold and mod mi nerease in cvcle makes tl srea ul 
Injgection temperatures, this (2) Mold ten perature = ul mipor desirable Consequently, some bDbalance 
kage will usually be about 0.015 tant factor in shrinkage. An increase of molding conditions must be accept 
nch and shrinkages as high as of 20 1 n die temperature increases ed. The mold shrinkage of polyethy 
per inch have been observed. shrinkage by 0.001" per inel ene can be decreased | ncorporating 
ise i the temperature of mold (3) The effect of Varving the ! nert hillers, suct as nine part cit 
ses oll shrinkage at a rate of ectior pressure s small. A decrease calciun carbonates and clay Mold 
WO] per inch for each 20 f of 3000) pounds per square net ! shrinkage for the filled materia 
(1) illustrates this relatior creased si nkage by 0.001 per incl approximately l’e to 2 « a@s con 
ind also the effect of injection It should be noted also that these pared with 2's to fe the i 
ire and temperature. effects are idaitive (see Figure +) filled materia ut pho | At higher 
ection temperature, pressure, and If existing conditions permit a= de temperatures, the shrinkage may be 
are relatively unimportant. At crease in mold temperature, and an it considerably higher 
e of injection temperature by crease in injection temperature, and METHYL METHACRYLATE 
decreases shrinkage by 0.001 alse Injection pressure, the adval The conditions of olding hict 
h, but the molding range Is so taves gained will be additive For ex vive minimum shrinkage are low n cB 
that little change in shrinkage ample, in Figure 4, starting at the temperature, higt njection pressure 
effected by altering injectior rivgnt hand extremity of ne CC, shrink nig njection temperature, and rapid 
erature An increase of 2000 ps age = reduced by owertmnyg the die rate of injectior Under these cond 
ectiol pressure reduces shrink temperature is represented b trans tions, the <nrinkuye \\ the ibout 
0.001" per inch. Increasing the posed line A. Shrinkage is further re W001 per inc! , 
f injection from the slowest té duced by creasing the njyectlor But under not i ding cond 
decreases shrinkage by onl temperature as shown as transposed tions, Le., hot die. mediun njectio 
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3. EFFECT OF MOLDING VARIABLES ON MOLD 











SHRINKAGE OF POLYTHENE 
Du Pont 
~ 
8 
= 
70 120 i170 
An OIE TEMP. ie 
300 450 600 
B- INJECTION TEMP. -- 
14000 17500 20000 


C INJECTION PRESSURE 


5. COMBINATION OF FACTORS AFFECTING 


MOLDING OF POLYTHENE 





MAXIMUM 
SHRINKAGE 


OPTIMUM 
MOLDING 
RANGE 


-— POOR 
SURFACE 






























400 
TEMP, 


300 
INJECTION 


500 
ied 





7. NON-RIGID “VINYLITE” MOLD SHRINKAGE 





FIG. 4. ADDITIVE EFFECTS OF MOLDING VARIA 
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PERCENT SHRINKAGE - RELATIVE 





| 


I) 








70 120 170 
A DIE TEMP. ™ 

300 450 600 
B- INJECTION TEMP. F®* 

14000 17500 20000 


FIG. 6. EFFECTS OF MOLDING VARIABLES 
MOLD SHRINKAGE OF METHYL METHACRYLATE 
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etfect A decrease of 4000 psi increases the shrinkag 
O.00L° per inch, which is considerable in proportion t 
total shrinkage of methyl methacrylate \ decrea 
jection temperature by 50 F, creases shrinkas 
O01” per inch, Decreasing the rate of injection fro: 
est to slowest may increase the shrinkage by 0.001] 
noh 

Temperature of mold ts of less riper ire t 
ter in shrinkage than it is with nylon or polyethy 
nerease of 100 FL. in) mold nperatt nereas 
shrinkage by 0.001" per inch 

\ graphical description of the data nti 
“ vrade ethy tha vila 1? 
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Vin vu 

One class of rigid vinyl mold ind 

hrinkag These a hould b 
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inder temperatures of <M 
ind mold temperatures of 10! , 
ind pressures in the range ol 
22,000. psi 
non-rigid vinyl! plastics exhibit 
ue characteristics depending rT 
he formulation Figure (7) | 
he relationship between duro 
irdness and percent shrinkage 
ed and filled vinyl materials 
filled materials were run wit! | 
r temperatures of 320-330 I 
ed materials were molded with 
r temperatures of 340 F. for 
eter hardness 60; 350 F. for 
ter hardness 70; 370 F. for ! 


eter hardness S80: and 380 F. for 


Mold 
at 


eter hardness! 90. tempe 
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PLASTIC | 
investigated the ef % it 


die temperature on shrinkage % 


YRENE 


company 


>» 
= work, a cup die Was used C4, . 
vity side of the die contained -, = 


te and runner. In order to ob- 
ore accurate indication of the 
f die temperatures, the results 


terms of weight 


easured I 


ire No. (S) is a three dimen 
presentation of the effect of 
erature of the die on the weight Vhich indicates that the crease Il portal f whiel s the plunge 
adings. The base platforn repre flow through the gate ind runne? 1 rward t t t cal th eel fron 
die temperature, while the rela the higher temperatures more thal Figure N (10) that with a five 
eight of the vertical lines repre compensates Tor the OSS In SHrinkage second plunger Torward t e, tne 
he comparative weight of the ihout the core. Obviously, the heavier ng pressure 1000 psi and as the 
nys—as a function of die ten the molding, the ss tl shrinkage plunger forward time is increased 
ire Each vertical unit is equa and the e exactly ne ding ap l seconds, tne ealing pressure > 
02 grams increase in Weight proaches the ca V aie ons SOOO ps re njection pressure als« 
; «oe nitty ’ se ti cenling Seur j 
one bast ight of 3.630 grams Sealing Pressure eos 7 8 ig yp arg 
figure No. (S) it can be seen LeCOrdingly aller Me 1 si K 
nereasing the cavity tempera Another nvestigatior f fucte ge. Increasing the chine pressure 
vith constant core temperature iffecting mold sth Kage dicates from 12,300 psi te ww ps sused 
ts in heavier moldings. The cold that the sealing pressure s i ost it Increase SCaUINE pressure 
core temperature with increas mportant factor. The iling pres 10 ps Increasing the injection 
ivity temperature, the heavier sure” is the pressure remaining in the temperature fr 105 | t 10 f 
oldings. The reasons for this are cavity at the nstal the gate freezes caused CTA the seal 
be twofold: (1) Since the rut As see! n Figure No. (9), shrink pres ‘ I ! psi t #0) 
nd gate of the die are in the iwes Varving fron O02 to .0OY Inches ps 
side it is felt that the warmer per inch cal be obtained When the Mold te perature a Piavs ar 
ivity side, the longer the gate sealing pressure ies from 9000 to portant part in sealing pressure, ar 
runner will remain molten, there 1000) ps respect \ The sealing msequent shrinkage Increasing 
ving longer flow into the ea pressu t ! ced Dy the mold te | iture t BD 7 
efore seal-off occurs; (2) The number f factors re f the s KF. decrease e se vy pressure 
r the core, the more shrinkage 


core: thereby creating add 





Incoming plasti 
hieher the core temperature, 
ghter the molding, and the colder sl 
ty temperature with increas al 
re temperature, the lighter th: . 1208 
gs. The reasons for this are x 
nt to We (1) The colder the “ 
temperature the more rapid pee 
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ind (2) the | 
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FIG. 9. SEALING PRESSURE VS. MOLD SHRINKAGE 
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ASSURES SURFACE UNIFORMITY — GREATER PRODUCTION — LOWER OPERATING COSTS 
TEMPERATURE RANGE 100-1000°F 











PREFORM DIAMETER - Weight and Depth of Fill Chart 


Thickness of Depth 
Preform in of Die Fill 
inches in inches 


Diameter of *Weight of Preform in 
Die in inches Pounds Grams 
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compression 
ratio) 








*Based on Loose 
Material at 10 grams 

per cubic inch. For . ° 
materials of other 

densities multiply 

above answer by 
grams per cubic inch 


10 
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To assist plastics molders who use preforming presses, this chart is a ready calculator. Briefly, if the diameter of a die 
is 2'' (left scale), and the weight of the preform is to be 31 grams (middle scale), based on loose material at 10 grams 
per cubic inch, then the depth of fill will be 1 inch (right scale). For materials with densities other than 10 grams per cubic 
inch, divide the answer from the chart by grams per cubic inch and multiply by 10. 
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